The need for testing methods that could verify the performance of building components is continuously increasing, as it is mandatory to reduce the overall energy need of the buildings. This work provides a method that determines the dynamic behavior of walls. The time-shift due to the thermal and physical properties of the component is measured using infrared thermography. A case study on a typical wall sample is proposed, validating the technique.
Introduction
The impact of the building sector on the overall energy consumption in Europe is a major issue. The European union is trying to increase energy efficiency in building both advancing the knowledge through research [1] projects and enforcing standards and regulations. A key issue in this fields is the assessment of the thermal performance of building components. The targeted energy savings that are estimated during the design phase of a building could be obtained only if the actual performances of the built structure correspond to the theoretical ones. The goals of measuring building components are therefore two: giving accurate input data to the design models and guaranteeing a correct installation on-site. A key element of the building, from an energy standpoint, is the building envelope [2] , that should provide a separation capable of minimizing the influence of the outer environment [3] . In this perspective, the building envelope is usually considered as a thermal barrier, referring to steady state conditions, and the thermal transmittance is the key indicator of its performance [4] . However, the walls play a crucial role also in transient thermal conditions, as the dynamic characteristics of walls play a key role in reducing the energy demand and guaranteeing an adequate level of thermal comfort [5, 6] . While several standardized tests for the measurement of thermal transmittance are available both in laboratory and on site, the measurement of dynamic properties has been neglected. Recently, Ferrarini et al. [7] proposed a method for the quantification of the time shift for a wall sample. The method is based on infrared thermography (IRT) [8] , that since long time is a valid technique for the survey of buildings and the measurement of their thermal properties [9, 10] . In this work, the thermographic method is adapted to the simultaneous testing of two wall specimens.
Materials and methods

Theoretical background
The wall of a building, especially in the summer season, is impacted by a periodic thermal stimulation, with a period equal to 24 hours. The thermal behavior of the wall structure could be described by the following Eq. (1), the onedimensional heat equation:
( (1) where T is the temperature at position x, t is the time, and α is the thermal diffusivity [m 2 s Several methods are available to analyze this problem in order to obtain useful indications on the wall behavior, such as using the Laplace transform in order to build up the transfer matrix of a multilayer wall [7] . One of the most relevant analyses is proposed by the ISO 13786 standard [11] , that suggest to use the mathematical methods to determine some key parameters of the wall, such as the periodic thermal transmittance, the decrement factor, and the time shift. In this 10 .21611/qirt.2018.028 work, the focus is on the time shift, as it represents a quantity that gives a quick interpretation of the thermal phenomena and allows an easy comparison between different kinds of specimens. The time shift is defined [11] as the period of time between the maximum amplitude of a cause and the maximum amplitude of its effect, such as the difference between the surface temperatures on two opposite sides of a wall when on side receives a thermal stimulation. This parameter is measurable with a thermographic setup, as described in the following section. While several configurations of the measurement could be selected [7] , a very effective one uses a single thermal camera and a thermal mirror. The extension of the method to the measurement of multiple samples is proposed in this work.
Experimental setup
The experimental setup consists in a thermal stimulation system and a data acquisition system. The thermal source of the experimental setup are 2 lamps (1 kW nominal power each) that are controlled with a customized software in order to provide a synchronized output. Each lamp delivers a sinusoidal heating on the back surface of the specimen. The thermal wave has an amplitude equal to the 60% of the lamp power and a period equal to 24 hours. The data acquisition system is based on a FLIR SC660 thermal camera (spectral response 7.5μm -13μm, NETD <30 mK, 640 x 480 pixel). The camera is set in the middle of the front surfaces of the specimens. The field of view of the camera includes also a thermally reflective mirror that is positioned in such a way to allow looking at the back surface of the specimen. The experimental setup is depicted in the following figure 1.
Fig. 1. Scheme of the experimental setup, where the lamps provide the sinusoidal thermal stimulus and the thermal camera measures the temperature evolution on different walls.
Two walls, named respectively specimen A and specimen B, are tested in this work. The walls are constructed with identical materials, layered as described in table 1, and have a front surface close to 1 m 2 . The thermal properties listed in table 1 are reference values obtained from the datasheet of the manufacturers. The insulation layer is the sum of two slabs (0.12 m and 0.02 m) and the only difference between specimen A and specimen B is the presence of a thin (<0.15 mm) aluminum layer put as an adhesive contact between the insulation panels. 
Results
The specimens were placed inside a wide industrial building. The experiment lasted for 7 days, corresponding to 7 cycles of the heating signal, that had a period of 24 hours. The thermal camera recorded the temperature evolution on the specimens at a 0.5 Hz framerate, obtaining a thermal sequence of 680 images. The following figure 2 is one of the thermal images acquired during the test, where the positions of the specimens and of the thermal mirror has been highlighted.
Fig. 2. Thermal image obtained during the experiment. The position of the specimens and of the thermal mirror is highlighted.
The calculation of the time shift was performed on the last 4 periods The environmental temperature was subtracted from the recorded temperatures of the specimens and of the thermal mirrors. The corrected temperature oscillations were fitted with a sinusoidal model, obtaining the profiles of figure 3. The time shift was calculated as the absolute value of the difference between t1 and t2, the times corresponding to the peak temperature values respectively on the hot and cold side of the specimen. The use of similar specimen and the synchronization of the thermal stimulus allows to consider the cold side temperature of one specimen a reference for 10 .21611/qirt.2018.028
QIRT 2018 Proceedings Page: 394
